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l .0  INTRODUCTION 


This  report  describes  the  results  of  an  Air  Force  proqram  to 
develop  a  Crash  Rescue  Veh i c le  Si mu lator  conducted  under  con t r ac  t 
No.  FOQ635-82-C-0041 9 .  This  contract  includes  three  phases  of 
operation;  Design,  Manufacture  and  Delivery  at  Tyndall  Air  Force 
Base  in  Florida.  The  third  phase  was  completed  in  October  1987. 
The  system  met  all  the  contract  specifications  as  accepted  by  bhe 
U.  S.  Air  Force  at  Tyndall. 


2.0  GENERAL 

Cur r ent  Crash  Rescue  Veh icles,  especially  the  F  4 
are  ver y  ex pens i ve  to  operate .  In  add i b i on ,  when  they  are  being 
operated  by  an  inexperienced  crew,  the  possibility  exists  fot 
extensive  damage  bo  the  vehicle,  due  to  an  accident  or  operaboi 
error.  In  addition  to  these  possibilities,  the  vehicle  is  out  of 
service  and  would  probably  not  be  available  for  actual  crash 
rescue  operat ions  if  an  emergency  arose  dur ing  a  trai ni ng 
session .  I f  S i mu lator s  are  used  instead  of  P-4  vehicles,  bhe 

savings  will  amount  to  over  $2,000,000  per  year.  In  addition,  a 
Simulator  has  bhe  ability  to  present  wartime  conditions  to  a  stu 
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that  would  not  be  available  in  a  normal  training  scenai i o 
These  wartime  conditions  include  runway  craters,  multiple  damage 
in  various  parts  of  the  airport  simultaneously,  as  from  an  ai> 
attack,  building  f ires  and  fuel  storage  facility  fires-  This 

kind  of  training  is  only  available  by  use  of  a  Si  mu 1 ator . 

Because  of  the  high  hourly  cost  of  operating  crash 
rescue  vehicles  for  training,  as  well  as  the  environmental  ef 
fects  of  both  air  pollution  and  ground  water  contamination  caused 
by  training  fires,  it  is  getting  more  and  more  difficult  to  main¬ 
tain  a  high  degree  of  proficiency  among  Fire  fighting  ci ews  . 
Thus  the  crash  rescue  Simulator  which  proved  that  such  a  vehicle, 
which  will  produce  proficient  fire  fighting  crews,  is  not  only 
possible,  but  is  highly  desirable. 

Many  variations  of  designs  and  components  were 
considered.  The  final  design  contains  the  best  elements  avail  - 
able  at  a  reasonable  cost  to  building  a  i  ealistic  P-4  Si mu latoi  . 
This  P-4  Simulator  not  only  has  the  ability  to  simulate  all  d\  iv-- 
ing  conditions  normally  found  on  a  typical  air  base  but  it  s  i  mu 
lates  the  fire  attack  capabilities  of  a  P-4  vehicle. 

The  initial  concept  included  a  large  frame  surround 
ing  the  cab.  with  the  cab  being  moved  within  this  framewoi  I  by 
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large  air  driven  cylinders-  This  design  was  changed  to  a  much 
simpler  design  which  utilized  a  single  counter  weigh  ted  beam  and 
with  cab  roll  and  seat  mot  ion.  The  initial  system  also  incl uded 
a  complex  6  1 ens  earner  a  system  with  optical  relays  to  transmit 
the  video  image  up  to  the  cameras.  This  was  modified  to  a  fiber 
optics  system  in  order  to  simplify  the  design  of  the  system..  As 
shown  in  Figures  E .  1  and  E .  S ,  the  crash  rescue  veh icle  consists 
of  the  following  major  components. 

a )  SCREEN :  A  large  E0 '  d i ame ter  by  11*  high  screen . 

b )  CAB :  The  cab  of  the  vehicle  wh ich  is  a  composite  mock  up  of 
an  actual  P-4  cab. 

c)  MOTION  SYSTEM:  A  motion  system  which  given  motion  to  both 
the  cab  and  the  driver's  seat  to  simulate  the  "G"  forces  and 
changing  horizon  as  a  result  of  veh icle  mo t i on . 

d)  PROJECTOR  SYSTEM:  A  projector  system,  5  each,  high  powered 
color  projectors  aligned  so  that  each  piojector  projects  15  of 
the  total  view  as  seen  by  the  student  operators. 

e)  MODELBOARD:  A  modelboard  which  is  an  80  to  1  scale  of  an 
actual  air  base.  This  air  base  includes  hangers ,  buildings, 
a  i  r  cr  af  t ,  c  i  v  i  1  i  an  vehicles,  c  r  ashed  aircraft  and  miscel  lai  ieou.s 
equipment . 
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f)  CAMERAS:  The  video  pictures  represented  on  the  screen 

are  taken  by  5  separate  CCD  cameras  aimed  through  a  special  lens 
ing  system  on  a  movable  probe  that  can  be  driven  around  the 

model board  under  the  control  of  the  dr  a  ver /operator . 

g )  OPT  I CAL  SYSTEM :  This  optical  probe  consists  of  a  lensing 

system  that  has  5  views  that  are  presented  at  the  bottom  of  a 
fiber  optic  bundle  with  each  fiber  optic  bundle  terminating  in 
front  of  a  CCD  camera.  Thus,  each  segment  of  the  lens  is  opti¬ 
cally  transmit  ted  to  a  earner a  and  the  earner  a ,  in  turn,  transmits 

this  signal  to  its  respective  projector  . 

h)  PROBE  MOTION  SYSTEM:  The  probe  mechanism  is  propelled 

around  the  modelboard  under  the  control  of  the  dr i ver /opei a tor , 
His  inputs  to  the  probe  system  include  steer i ng  whee 1 ,  ac 

cel er a tor  and  brake  pedal  inputs.  The  driving  inputs  are  fed  to 
a  digital  computer  that  operates  off  an  algorithm  that  convei  ts 
these  inputs  to  DC  signals  to  operate  3  precision  sei  vo 
mechan i sms  to  control  the  mo vable  gantry  that  the  optical  probe 
rides  on.  In  addition  to  the  X  and  Y  servo  systems,  there  is  a  F 
or  rotational  servo  system.  These  servo  systems  have  a  very  wide 
turn  down  ratio  which  enables  the  vehicle  to  drive  down  a  runway 
quickly  in  one  direction  but  at  the  same  time,  slowly  crossing 
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the  runway,  ie.  going  from  the  left  side  to  the  right  side. 

i)  SYSTEM  DYNAMICS:  This  vehicle  has  all  the  dynamic  charac 
ter istics  of  the  actual  P-4  vehicle.  These  characteristics  were 
ob ta i ned  by  the  actual  testing  and  gathering  of  data  on  a  P  4 
vehicle  at  Westhampton  Air  Force  Base  in  Mew  York. 

j)  SMOKE:  To  simulate  actual  fire  conditions,  a  number  of 

avenues  were  investigated  that  did  not  prove  to  be  very  workable 
and  were  abandoned  for  that  reason.  A  stage  type  smoke  was  in 
vest igated  which  is  an  oil  base  smoke.  The  major  probl em  wi 1 1 \ 
that  system  is  that  the  oil  settled  on  the  modelboard  and  after  a 
few  training  sessions,  the  system  had  to  be  extensively  cleaned. 
In  addition,  the  smoke  also  did  not  behave  in  the  normal  manner 
of  fire  smoke.  It  had  a  tendency  to  layer  itself  at  ground 

level.  Another  system  that  we  tried  that  produced  excellent 
smoke  results  was  injecting  titanium  tetrachloride  into  the  a\\  . 
The  smoke  resu Its  were  very  good  but  it  was  rejected  because  of 
the  toxicity  of  the  chemical.  The  system  that  was  settled  upon, 
after  a  good  deal  of  experimentation,  was  injecting  C0r-  on  to  a 
surface  of  heated  water  which  produces  copious  amounts  of  non 
toxic  smoke  with  zero  clean  up  problems.  This  smoke  was  modified 
by  the  injection  of  minimal  amounts  of  Helium  to  make  the  smoke 


5 


r i se  as  would  occur  in  a  normal  fire  operation-  Th is  combination 
resulted  in  a  very  accurate  simulation  of  smoke  conditions. 
k>  FIRE:  The  initial  study  into  the  fire  simulation  was  the 

use  of  red  lights  infringing  upon  the  smoke  to  get  the  proper 
flicker  effect-  This  effect  was  not  realistic  enough,  so  after 

experimentation,  a  system  was  developed  that  utilizes  50  watt 
Quartz  Halogen  bulbs  projecting  through  a  series  of  mul ti-coloi ed 
lenses  that  are  rotated  below  the  fire  ai  ea  by  a  DC  motor .  This 
combination  of  el ements  g i ves  a  ext reme 1  >  i ealistic  presentation 
of  a  fire  to  the  dr i ver /opera tor . 

1)  FOAM  SYSTEM:  A  major  portion  of  ci  ash  rescue  fire  fighting 

is  the  app lication  of  foam  to  a  burning  aircraft-  The  initial 

concept  called  for  a  nozzle  to  be  able  to  dispense  little  glass 
balls  (micro  spheres )  -  These  would  be  e j ec t ed  by  air  pressure 
and  would  behave  like  foam  if  observed  by  a  camera-  There  pi oved 
to  be  two  major  difficulties  with  the  micro  spheres.  The  fiisl 
and  foremost  was  the  possible  toxicity  of  the  spheres-  The 
second  was  that  because  of  their  extreme  lightness,  after  a  file 
training  simulation,  the  model board  would  have  to  be  care  fully 
vacuumed  to  collect  them-  A  second  system  that  was  devised  was 
the  design  of  a  spec ial  nozzle  that  would  di spense  liquid  CO^  o  1 1 
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to  the  burning  aircraft*  This  is  the  same  principle  as  a  C0r-> 
fire  extinguisher,  where  the  C0&  comes  out  as  a  white  material 
and  blankets  the  fire.  After  investigating  and  experimentation, 
a  suitable  nozzle  was  des i gned  and  manu  factured ,  such  that  when 
CO3  was  discharged  from  the  optical  probe,  it  appears  to  be  di= 
pensing  f oam  from  the  roof  turret.  The  C0e  has  a  tendenc y  to 
cling  to  the  ver tical  sides  of  an  aircraft,  similar  to  AFFF .  I n 

addition,  after  the  extinguishment  of  the  fire,  the  COr*  sub- 
1 i mates  and  there  is  no  cl ean  up  necessary . 


3 , 0  SYSTEM  REQUIREMENTS 


3. 1  DRIVING 

One  of  the  most  import  an  t  aspects  of  this  Si mu lator 
is  to  faithfully  reproduce  the  driving  character ist ics  of  the  P  4 
veh icle.  Initial  data  was  ob  ta i ned  from  Oshkosh ,  the  manu  Tac 
turer  of  the  P-4  vehicle  and  the  U.  S.  Air  Force  and  theii  fleet 
of  vehicles.  From  this  data  acceleration  rates,  turning  radius, 
vehicle  weight,  center  of  gravity  and  roll  and  sway  character  is- 
tics  were  determi ned .  A  test  program  was  carried  out  at  Wes 
thampton  Air  Force  Base,  utilizing  an  actual  P-4  vehicle  and 
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using  both  video  equipment  and  standard  vehicle  meters ,  obtaining 
actual  data  from  an  in  service  P-4  vehicle.  From  this  accelei  a 
tion  rates,  braking  rates,  ride  charactei  istics  and  the  qravita 
t ional  forces  due  to  turns  at  various  speeds  were  deter mi ned . 
The  sound  characteristics  of  the  vehicle  under  these  varying  con 
ditions  was  recorded.  This  data  was  analyzed  and  an  algoi i thm 
developed  to  simulate  the  driving  characteristics  of  the  P-4 
vehicle.  This  system  was  developed  using  all  the  data  available, 
so  that  when  the  s  tudent  operator  steps  into  the  cab  of  the  P  4 
Simulator  and  goes  through  a  d\  ivinq  scenario,  it  will  be 

dup 1 i ca t i ng  what  will  no rma 1 1 y  be  seen ,  Celt  and  heard.  The 

Simulator  that  was  delivered  to  Tyndall  was  dr i ven  by  a  number  of 
experienced  P-4  operators.  The  operatois  agreed  that  the  system 
faithfully  reproduced  the  driving  chai  acterist ics  of  an  actual 
P-4  orientation.  The  driving  algorithm  is  given  in  Section  9. 

3.S  VEHICLE  ORIENTATION 

A  Si  mu lator  of  this  type  is  not  only  usef u 1  Fo i 
dynamic  classroom  training  but  it  also  can  be  used  to  orient  the 
student  to  the  positions  and  functions  of  the  controls  o  F  a 
standard  P-4  cab.  This  Si mu lator  was  express 1 y  des ianed  so  tha  t 
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a  student  could  go  through  many  dry  runs,  ie.  operate  the  various 
control  valves  and  knobs  without  the  Simulator  in  operation 
This  way  the  student  will  get  bhe  feel  of  each  control  and  will 
be  able  to  operate  it  without  damage  -  This  is  no  t  the  case  with 
an  actual  P-4  vehicle  because  a  student  could  actually  go  in  and 
operate  controls  and  damage  the  system,  if  it  is  opeiated 

incorrec  1 1  y . 

3 . 3  SYSTEMS  OPERAT I ON 

After  the  student  has  proven  to  be  capable  of  driv 
ing  the  vehicle  in  various  off  road  and  on  road  conditions,  with 
both  day  and  n i gh 1 1 i me  operations  and  has  mastered  all  the  con 
trols  and  operations  of  the  fire  fighting  system,  all  systems 
must  be  utilized  simultaneously.  The  P-4  vehicle  is  designed  lo 
be  operated  by  one  man  under  emergency  conditions.  This 

Simulator  is  designed  to  duplicate  those  capabilities.  This 
enables  the  driver  to  drive  out  of  the  fire  station,  receive 
commun ication  in  route  to  the  fire  and  get  ready  to  discharge 
foam  agents  when  arriving  at  the  crash  scene.  The  Simulatoi  has 
the  requirements  to  be  both  an  effective  driving  and  fire  fiqhi. 
ing  training  aid.  This  will  be  shown  to  be  the  case  as  the 
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design  is  descr i bed  and  the  way  these  des i gns  were  ach ieved  i n 
the  individual  wri t e-ups  of  the  basic  components . 


3.4  CRASH  FIRE  FIGHTING 

One  of  the  most  realistic  aspects  of  this  Simulator 
is  the  crash  fire  fighting  sect  ion.  A  great  dea 1  of  design  ef¬ 
fort  and  many,  many  changes  were  included  in  this  effort  to  oh 
tain  the  realism  that  was  achieved  in  crash  fire  fighting 
operations.  The  vehicle  must  approach  the  burning  aii  ci  aft, 
using  the  set  guide  lines  from  Air  Force  procedures.  These  pi o 

cedures  take  into  account  rescue  operations,  wind  direction  and 
velocity,  armaments  and  terra  in .  Every  one  of  these  requ  i  r  ernent s 
have  been  duplicated  on  the  Simulatoi  . 


3.5  LON  OPERATING  COST 


For  any  Simulator  to 
achieve  a  low  hourly  operating  cost, 
into  account  manpower  required ,  M.  T . 
energy  usage,  and  consumable  usage, 
itself  to  be  a  cost  effective  training 


be  cost  effective,  it  must 
The  operating  cost  takes 
B.  F. ,  cost  of  spare  pai  ts. 
This  Simulator  has  pi  oven 
device.  It  requires  one 
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operator  who  will  double  as  an  instructor  and  maintenance  tech 


nician  for  the  system-  Almost  all  components  are  commercially 
ava ilable,  off  the  shelf  i terns  which  can  be  rep  1 aced  by  any 
operator  after  a  40  hour  maintenance  class.  The  cost  of  spate 
parts,  such  as  the  cameras,  projectors  and  ser vo  systems  a\  e  ex¬ 
tremely  low,  as  they  are  commercially  available  from  industt  ial 
supply  houses  across  the  United  States-  The  electric  usage  on 
this  system  is  less  than  $5.00  per  hour-  The  CO^  usage  in  the 
training  sessions  that  were  operated,  also  averaged  approximate! s 
$6.00  per  hour. 

3.6  MOM  POLLUTING 

For  any  Simulator  in  today's  environment  to  be 
successful,  it  must  be  inheretly  non  polluting.  The  initial 
design  and  proposal  inc  luded  a  smoke  sys  tern  that  used  a  vapoi  i  zed 
oil  to  gener ate  the  smoke.  Aft er  initial  testing  we  found  the 
smoke  did  no  t  have  the  rising  characteristics  of  smoke  from  a 
large  fire.  In  addition,  it  was  found  that  the  smoke  left  an 
oily  residue  on  the  various  components.  A  design  change  aftei  a 
great  deal  of  experimentation  was  made  to  use  a  non  polluting  CO,- 
system.  Another  major  problem  that  surfaced  after  the  proposal. 


) 


) 


was  the  use  of  micro  balloons  as  originally  proposed.  Micro  hal 
loons  are  essentially  microscopic  spheres  of  hollow  glass  that 
give  the  appearance  of  fire  fighting  foam  when  emitted  f i om  a 
nozzle  type  device.  After  investigation  and  limited  use,  it  was 
found  that  these  micro  balloons,  if  ingested  into  the  lungs, 
could  pose  a  health  hazard.  In  addition.  there  was  a  massive 
clean  up  operation  after  each  fire  scenario.  Thus,  it  was  neces 
sary  to  eliminate  the  micro  spheres  and,  to  develop  a  nozzle  that 
uses  liquid  CO ^  in  the  same  fashion  as  a  liquid  fire 

ex  t ingu i sher . 

3.7  SIMPLE  INSTRUCTOR  OPERATION  CAPABILITIES 

It  was  determined  early  on  in  the  design  that  this 
system  would  be  operated  by  an  experienced  crash  crew  operator 
who  would  have  minimal  experience  with  complex  electronic  systems 
and  computers.  With  this  in  mind,  a  system  was  developed  that 
requires  no  formal  training  in  computers  or  electronics.  The 
operator  simply  turns  on  a  three  phase  A.C.  power  switch  which 

sup pi ies  power  to  the  full  Simulator  and  all  its  components  - 

Next ,  the  operator  turns  on  the  computer  with  a  computer  reset 

button  and  types  in  one  simple  command  and  the  system  is 
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operating.  Some  adjustments  to  the  C0r>  system  and  prepos i  t  i  a  n  i  f  tq 
the  optical  probe  to  its  desired  starting  point  is  mandatoi  y. 
These  functions  are  all  described  in  detail  in  the  Operational 
Manual.  From  initial  power  "On"  to  system  operation,  the  avei  age 
is  less  than  15  minutes . 


4,0  THE  CAB 


4.1  INTRODUCTION 

The  initial  proposal  for  P-4  vehicle  Simulator,  was 
to  use  the  actual  cab  of  a  P-4  fire  fighting  vehicle.  Quotes 
were  obtained  from  Oshkosh.  An  investigation  for  obtaining  a  P~ 
4  from  the  U.  S.  Air  Force  that  was  in  an  accident  but  without: 
any  structural  damage  to  the  cab  was  made .  After  length  1 y  d  i  s 
cussions  with  Oshkosh,  it  was  deter mi ned  that  the  front  end  of  a 
P-4  could  not  be  obtained  at  a  reasonable  cost  or  delivery.  The 
second  option  of  finding  a  vehicle  without  damage  but  that  was 
out  of  service  but  had  an  intact  front  cab  also  proved  fruitless. 
So  it  was  decided  to  manufacture  a  cab.  The  prints  of  the  F  4 
from  both  Oshkosh  and  the  U.  S.  Air  Force  were  obtained  and  it 
was  determined  a  duplicate  mode]  of  a  P-4  could  not  be  built 
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without  having  tremendous  weight  penalties  placed  upon  it  tiecau.se 
of  the  structural  rigidity  of  the  P-4  vehicle-  Since  the  design 
required  full  motion,  it  is  obvious  to  minimize  the  weight  of  the 
cab  . 


4.2  THE  CAB  BODY 

The  cab  of  the  vehicle  was  custom  made  using  a  num 
ber  of  different  techniques.  The  cab  floot  is  made  of  fiberglass 
which  was  laid  out  on  a  full  scale  wooden  mock-up  mold  con 
structed  identical  to  a  P-4  cab.  This  included  wheel  wells- 
seat,  fixtures,  floor  slants,  etc-  The  cab  floor  was  built  layer 
by  layer  using  epoxy  and  fiberglass  until  the  whole  floor  had  a 
th ickness  of  1/2".  In  addition,  there  was  alum i num  reinfoi  cinq 

placed  as  required.  The  three  walls  and  the  roof  of  the  cab  wet  e 
constructed  using  a  different  technique.  To  maintain  the  weight 
requirement,  a  f i ber g 1  ass /alumi num  construction  technique  was 
utilized.  Each  wall  and  the  ceiling  was  constructed  separately. 
The  i nner  and  outer  walls  consist  of  identical  sheets  of  aluminum 
cut  to  the  contour  of  its  spec i f i c  d i mens  ions.  A  piece  of  liqid 
foam  was  epoxied  between  the  two  sheets  of  aluminum  to  give  it  a 
tough,  lightweight  bearing  structure.  The  three  walls  were  at 
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tached  to  the  cab  using  6061  T6  angle  aluminum  for  suppot  ts  a t 
the  corners  and  the  roof  was  attached  to  the  walls  us i ng  the  same 
technique.  The  cab  has  proven  to  be  extremely  s tut  dy  and 

durable.  There  has  been  absolutely  no  prob lems  with  the  cab 
structure  and  it  should  last  well  beyond  the  life  expectancy  of 
the  Si  mu lator.  The  windows  of  the  cab  are  constructed  of  1  ex an 

and  are  attached  to  rigid  frames  wh ich  form  part  of  the  cab  body 
They  give  an  excellent  simulation  of  the  vehicle  windows.  The 
total  weight  of  the  cab,  including  batteries  is  800  pounds 
(Refer  Figure  4.1) 

4.3  INSTRUMENTATION  AND  C0MTR01  S 

The  basic  controls  for  the  di iver  as  shown  in  Figure 
4.1,  include  the  following:  (Refei  Figure  4.E,  4.3,  4.4,  and  4.5) 

1 .  Brake  Pedal 

Since  this  is  a  complex  veh icle  to  drive,  the  brake  is 
operated  by  the  left  foot  and  the  gas  pedal  by  the  right  foot. 
The  brake  pedal  is  a  standard  spring  loaded  brake  pedal  attached 
to  an  electrical  potentiometer.  This  potentiometer  reads  off  the 
amount  of  force  applied  to  the  brakes  by  the  driver  and  commuui 
cates  that  signal  to  the  computer . 
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CRB  MOTION  SYSTEMS  SCHEMATIC 


wmm 


.*  tH 
Cd 


O 

4-> 

PJ 
W  O 
•  CD  U 
> 

CD  CD 
cd 


Tjnmrt 
'  CD  cd  *H 
•  Oh  ^  rd  bo 
CD  10  £ 
CD  PM  *H 

^  *H  r* 

cd  to  cd  M 
H  cd  (D  cd 
pq  O  O  PM 


H  N  K)  ^ 


eg 

W 

P3 

o 

HM 

Ph 


20 


FIGURE  4.3 


NOMENCLATURE 


Chassis 

master 


Electrical 

switch 


NORMAL  USE  OR  READING 


Shuts  off  all  electrical  power 
to  vehicle.  Push  forward  for  ON. 


Differential  lock 
indicator  light 


Illuminated  when  differentials 
are  locked  out. 


Differential  lock 
control 


Locks  out  axle  differential  action 
for  better  traction  under  adverse 
conditions.  Push  to  left  for  ON. 


Engine  preheat  and 
start  switch 


Electric  system  short 
circuit  indicator 


Pushed  down  and  turned  to  left-- 
energizes  glow  plugs  to  preheat 
engine.  Pushed  down  and  turned  to 
right--engages  engine  starter  motor 

Illuminated  when  short  circuit  to 
ground  exists  in  electrical  system  . 
when  master  switch  (1)  is  OFF. 


Engine  shut  down 
switch 


Windshield  wiper 
control  knob  (2) 


Windshield  washer 
control  knob 


Turned  to  left,  completes  circuit 
to  engine  electrical  accessories. 
Turned  to  right,  actuates  fuel 
shutoff  solenoid  to  stop  engine. 

Turn  counterclockwise  to  operate 
windshield  wipers  (LH  knob-- 
driver 's  sidej  RH  knob--passenger 
side).  Also  serves  as  wiper 
speed  control, 

'Push  down  to  operate  windshield 
washer  spray. 


Voltmeter/battery 
condition  indicator* 


Green  range- -normal  battery 
charge,  normal  operation. 


Fuel  level  gage* 


Turn  signal  switch 
lever 


Indicates  quantity  of  fuel  in 
fuel  tank. 

Push  forward  to  signal  right  turn, 
pull  back  to  signal  left  turn. 

Push  in  tab  under  lever  to  flash 
all  signals  simultaneously--pull 
upward  on  lever  to  release. 


Transmission  oil 
temperature.-  gage* 

Air  pressure  gage* 

Tachometer 


250°F  maximum. 

100-120  psi 

Engine  speed  in  R.P.M.  2000  maximum 


Engine  water 
temperature  gage 


175°F-185°F. 


* 
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FIGURE  4.4 


INDEX  NO. 

* 

■ 

NOMENCLATURE 

.  NORMAL  USE  OR  READING 

16 

Speedometer/ 

odometer 

Vehicle  speed  in  MPH/total 
distance  traveled  in  miles  and 
tenths . 

17 

Turn  signal 
indicators 

Flashing  when  turn  signals  are 
operating . 

18 

Headlight  high 
beam  indicator 

Illuminated  when  high  beams  are 
switched  on. 

19 

Engine  oil 
pressure  gage* 

45  psi--60  psi. 

20 

RH  defroster 
blower  switch 

Turn  clockwise  to  operate 
passenger  side  defroster. 

21 

' 

Engine  oil 
temperature  gage* 

220°Ft240°F. 

22 

LH  defroster  ^  ; 

blower  switch 

Turn  clockwise  to  operate 
driver* s  side  defroster. 

23 

Cab  heater 
control  switch 

Turn  clockwise  to  start  fans 
and  increase  fan  speed  and  hot 
air  flow. 

24 

Rear  spotlight 
Switch 

Push  forward  for  ON. 

25 

Instrument  panel 
light 

Turn  clockwise  to  increase  panel 
lights  brightness.  Fully 
Counterclockwise  for  OFF. 

26 

Floodlight 

switch 

Push  forward  for  ON. 

27 

Dome  light 

Switch 

Push  forward  for  ON. 

28 

Emergency- 
beacon  switch 

Push  forward  for  ON. 

29 

Headlight  switch 

Push  forward  for  ON. 

These  gages  operate  onl.y;  with  chassis  master  switch  in  ON  position. 
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FIGURE  4.5 
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E.  Gas  Pedal 

The  gas  pedal  operates  in  the  same  fashion  and  also  has 
a  potentiometer  that  feeds  the  computet  so  that  the  computet 
knows  how  much  fuel  is  being  applied  to  the  engine. 

3 .  Gear  Shift  Lever 

The  gear  shift  lever  is  a  custom  fabricated  device  wi th 
a  micro  switch  at  each  gear  selection  point,  so  that  the  computet 
knows  via  signals  from  the  appropriate  micio  switch  which  gear 
has  been  selected 

4.  Parking  Brake  Control 

When  activated  it  sends  a  signal  to  the  computer  to  halt 
all  motion  and  prevent  the  vehicle  from  moving. 

5.  Steer ing  Wheel 

The  steering  wheel  turns  3.8  revolutions  from  stop  to 
stop.  The  steering  control  is  attached  to  an  electrical  poten 
t i ome ter  wh ich  f eeds  the  steering  wheel  position  to  the  compute)  « 

4.4  FIRE  FIGHTING  CONTROLS 

4.4,1  GENERAL 

This  Si mu lator  is  designed  to  give  as  realistic  a 
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simulation  of  the  actual  P-4  crash  vehicle  operating  as  a  cracli 
true k,  as  is  possible.  All  of  the  major  components ,  such  as  Lhe 
turret  control  knob,  the  turret  aiming  handles,  the  dischai ge 
valve  switch,  the  discharge  rate  selectoi  and  the  pattern  selec 
tor  lever  are  functional.  This  system  is  designed  to  be  used 
either  by  the  dr i ver  or  by  the  crew  chief.  When  the  drive*  ai 
rives  at  the  fire  scene,  the  vehicle  is  placed  in  the  pi  ope* 
position  and  the  fire  is  attacked  using  the  roof  nozzle  system 
which  gives  both  the  feel  and  the  visual  effects  necessary  foi  a 
good  simulation. 

4.4.2  ROOF  TURRET  CONTROLS 

The  original  design  for  this  Simulator  required  a 
dual  sei vo  to  control  miniature  nozzle  expelling  the  simulated 
f o am  on  the  burning  aircraft.  As  design  piogressed  it  was  dete* 
mined  that  the  servo  systems  would  require  excessive  amounts  of 
wire  going  from  the  cab  of  the  vehicle  thi  ough  the  gantry  system 
and  then  being  fed  down  to  the  miniature  servos.  Since  this  svs 
tern  proved  to  be  very  complex,  a  design  change  was  made  to  use  a 
high  quality  radio  link  from  the  control  knobs  down  to  the  sei vos 
controlling  the  miniature  nozzle.  The  turret  aimi nq  handle  was 
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gw 


9.  Turret  hydraulic  pressure 
gage 

10.  Tunet  lock  control 

knob  ,  . 

11.  Agent  recirculating  valye 


4.  Pattern  selector  lever 

5.  Turret  aiming  handle 

6.  Discharge  valve  switch 

7.  Interrupt  button 

8.  Manual  discharge  valve  lever 


1.  Discharge  valve  manual- 
control  knob 

2.  Turret  manual-hydraulic 
control  knob 

3.  Discharge-rate  selector 
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FIGURE  4.6 
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FIGURE  4.7 


attached  to  two  potentiometers  whose  signal  was  digitized  and 
transmitted  at  very  low  power  to  a  receiver  on  the  probe.  This 

receiver  decodes  the  signals  and  positions  the  nozzle  in  a  slave 
■fashion  to  the  position  of  the  turret  aiming  handle.  The  dis 

charge  rate  selector  an  the  pattei  n  selector  are  interwired  wi th 
the  interrupt  button  on  the  rear  of  the  turret  aiming  handle. 
When  all  three  controls  are  in  the  propet  mode  foam  will  be  dis 
charged  at  the  coi  i  ect  rate.  (Refer  Figut  e  4.6) 

4.4.3  EQUIPMENT  OPERATORS  CONTROLS  AMD  INSTRUMENTS 

The  operator  must  also  observe  and  control  the  liq 
uid  levels  in  the  tanks,  the  pump  pressure,  the  agent  selector 
and  the  various  water  and  coolant  temper  a  tut  es  .  The  liquid  level 
gauges  are  controlled  direct ly  by  the  instructor.  They  ate  0  1 
mi  1 1 i amps  gauges  housed  to  si mu  late  the  conf igu ration  of  the  ac 
tual  gauges.  The  pump  pressure  gauge  is  controlled  by  the  rom 
puter  and  the  pressure  of  the  pump  is  thus  determined  by  the  en 
g i ne  speed .  The  agent  selector  valve  controls  either  water  at 
foam  selection.  Its  input  to  the  computer  is  two  bits  of  digital 
informat  ion .  ( Refer  F i gure  4.75 
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4.5  RADIANT  HEATING  SYSTEM 

As  an  additional  part  of  the  training  Simulator  ,  a 
radiant  heating  system  was  installed  in  the  cab  of  the  vehicle. 
The  purpose  of  this  system  is  to  simulate  the  radiant  heat  the 
dr iver  and  operator  feel  as  they  approach  the  burning  airci aft, 
As  they  approach  the  bur n i ng  aircraft,  the  instructor  who  ha- 
manual  control  turns  on  the  radiant  heating  system  to  si mu  late 
the  effects  of  the  fire  energy  on  the  vehicle  and  its  operators. 

4.6  MOTION  SYSTEM 

The  motion  system  has  thi  ee  separate  segments.  I  hey 
are  pitch  (tilt),  roll  and  fore  and  aft  seat  motion.  These  svs 
terns  required  ex tens i ve  eng i neer i ng  because  the  prototype,  as 
originally  conceived  and  built  did  not  fane t ion  as  p lanned .  1  he 

pitch  system  was  designed  using  a  large  three  phase  5  Hp .  motor 
eccentrically  attached  at  the  opposite  end  of  the  cab.  The 
design  attempt  was  if  pitch  was  required,  the  three  phase  motor 
would  be  operated  through  a  relay  contactor,  thus  giving  vet  t  i  c  a  1 
motion  to  the  other  end  of  the  balance  pipe  that  the  cab  i  es  t  s 
on.  This  system  did  not  prove  workable  because  the  contactoi  was 
not  fast  enough  to  respond  to  the  opening  and  closing  signals  of 
the  computer.  The  motion  derived  from  the  electrical  motor  was 
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CRB  TILT  MOTION  SCHEMATIC 
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FIGURE  4.8 


CAB  TILT  MOTION 


Cabe  Base  Structure 

Air  Cylinder 

Solenoid  Valve 

Air  Hose 

Pivot  Link 

Pivot  Link  Support 

Spring  Tension  Adjuster 

Spr i ng 

Spring  Arbor 

Fixed  Spring  Bearing  Plate 
Connecting  Rod 
Main  Tube  Connector 
Main  Tube 

Spring  Support  8k  MajLn  Tube  Guide 
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FIGURE  4.9 


Cover  tube  stiffeners  provide  smooth 


extension  and  increase  load  support 


•IV 


jrmaner 
mlity  lut 
id  or  ch; 


Stainless  steel  extension  tube  protects 
against  corrosion  j  ['.  ;  . .  ’  i  ■ 


Warner  Electric  ball  bearing  screws  are 
used  for  high  efficiency  and  positioning 
accuracy  ,  t  I  .  1 


Integral  holding  brake  holdst position  when 
I  power  is  off  ;  I  i 


Ball  detent 


•overload  clutch 


10  turn  position  potentiometer 
provides  accurate,  consistent 
positioning  feedback 


Metal  spur  gears  for  strength  and 


durability 


Control  leads  are  safely  and  easily  wired 
to  the  terminal  strip  through  the  1/2" 


conduit  entrance 


r,  .  .}'pr 


Integral  limit  switches  shut  off  the 
actuator  automatically  within  adjustable 
preset  operating  ranges 


3  Electrak  100  leatures  a  10  turn 
entiometer  for  precise  positioning 
dback  to  a  MCS-2030  or  2035  control 
t.  Multiple  step  positioning  is  available 
en  the  Electrak  100  is  integrated  with 
rogrammable  controller  system. 

?gral  limil  switches  automatically  shut 
the  actuator  within  the  operating 
ges  you  set. 

ly  gasketed  housing  and  motor  salely 
ils  all  internal  components  from  harsh 
/ironme-'*.  Additional  O-ring  and 
ier  seats  0n  thet extension  l/'bp  make 
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the  Electrak  100  equally  effective  for  use 
indoors  or  outside. 

Electrak  100  actuators  are  available  in  2 
load  ranges;  500  or  1000  lbs.  Each 
range  oilers  stroke  lengths  of  4,  8, 12, 
18.  or  24  inches.  All  models  accept  24 
VOC  input  and  include  a  swivel  rod  end 


and  adjustable  tuue  mourn  tor  nexioie  • 
mounting.  V  |  !  i  i' 

How  to  Order  1  1  1  .  j ;  _ 

Order  by  model  number  with  the  ( j  • ; 
appropriate  stroke  length  and  load  J I !' 
capacity.  For  accompanying  control  s-;i 
selection,  see  page  18.  I  ‘ 


*  ■  i!r!r i 

Stroke  Length  Md 

;  *  | : . |  |*i  [j  ’  iwivn-in; 

!f‘  1 500  lb.  capacity 

T  1  >  — - - L 

iPljlUjllOOO  Ib.'capaclty, 

4" 

P2405B5-04RD 

•  P24-20B5-04RD 

1  r*  *• ! 

1  6" 

P24-05B5-08RD 

P24-20B5-08RD 

12" 

P24-05B5-12RD 

P24-20B5-12RD  -|  1 

18" 


24" 


P24-05B5-18RD 

P24-05B5-24RD 
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P24-20B5-24RD 


ROLL  MOTION  SCHEMATIC 
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FIGURE  4.11 


ROL.I  MOTION 


1 .  Main  Tube 

E.  Roll  Bearing 

3.  Tie  Bar 

A  .  Tilt  Pivot 

5.  Linear  Actuator 

5.  Actuator  Upper  Mount 

7.  Actuator  Lower  Mount 
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FIGURE  4.12 


no  t  repeat ab 1 e .  In  add i  t  i  on  ?  the  system  sent  large  el ec  trical 
tr ansients  through  the  whole  electronic  system  which  created 
other  electronic  problems.  The  final  design  was  changed  to  an 
air  driven  cylinder  operated  by  electrically  operated  solenoids 
This  system  works  off  a  basic  pressure  of  90  psi.  The  solenoid 
valves  operate  directly  from  compute*  control  to  give  the  a 
cylinder  the  proper  stroke  length  and  dii ection.  This  system 

proved  to  be  the  simplest  and  most  woi  kable.  (Refer  Figures  4.8 
and  4.9) 

4.7  CAB  ROLL  SYSTEM 

The  roll  system  originally  utilized  a  IE  volt  lineai 
actuator  manufactured  by  Warner.  When  this  system  was  instal 1 ed , 
we  found  out  that  if  there  was  a  large  proportional  difference 
between  the  weight  of  the  operator  and  the  weight  of  the  di  i vsr , 
the  system  would  not  respond  as  required  due  to  overload.  The 

actuator  was  replaced  with  a  24  volt  actuator  (recirculatinq  ball 
® 1 ec t r ac— 1 00 )  driven  by  two  12  volt  batter ies  in  series.  (Refer 
Figure  4.10,  4.11  and  4.12)  The  electrical  circuit  is  a  standard 
switching  circuit  controlled  by  Motorola  6805  microprocessor. 
This  microprocessor  and  driven  circuit  are  mounted  together  in 
the  motion  control  system.  The  motion  control  system  is  di  iveu 


SEAT  MOTION 


1 .  Seat 

2.  Seat  Slider 

3.  Seat  Support 

4.  Exhaust  Solenoid  Valve 

5.  Exhaust  Muffler 

6.  Air  Cylinder 

7.  Inlet  Solenoid  Valve 
S.  Pressure  Gage 

9.  Air  Pressure  Regulator 

10.  Inlet  Air  Line 

11.  Support  Bracket 

12.  Electronics 

13.  Return  Spring 
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FIGURE  4.14 
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directly  by  the  main  processor ,  the  Motorola  6800.  The  seat  mo¬ 
tion  is  pneumatically  driven  fore  and  aft.  The  seat  uses  the 
same  shop  air  at  90  psi  as  the  pitch  system.  The  seat  is  di  i ven 
forward  to  simulate  deceleration  under  biaking  conditions.  The 
air  cylinder  is  controlled  by  a  Asco  electrical  solenoid  whirli. 
in  turn,  is  con  troll  ed  by  the  main  computer  .  The  seat  i  = 
returned  by  a  spring.  (Refer  Figure  4.13  and  4.14) 

5.0  MODEL  SYSTEM 


5. 1  INTRODUCTION 

a)  The  model  system  consists  of  four  different  sections.  Ihe 
are  the  models  of  buildings,  aircraft  and  vehicles  as  normally 
seen  on  an  air  base . 

b )  The  smoke  and  wind  system  which  are  designed  to  operate  as  a 
uni t  to  obtain  the  real  ism  required . 

c)  The  fire  system  which  required  a  major  design  change. 

d)  The  modelboard  itself. 

These  systems  required  a  great  deal  of  engineering  dui  i t  iq 
the  development  program  to  obtain  the  necessary  realism  requited 
of  a  full  system. 
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5.2  THE  MODEL  SYSTEM 

The  model  system  for  this  Si mu  1  a tor  was  oriqinal 1 y 
intended  to  be  scale  models  constructed  of  wood  and  othei 
materials  to  be  replicas  of  standard  Aii  Force  buildings.  The 

vehicles  were  to  be  models  (commercially  available)  of  noima] 
vehicles  found  on  an  air  base.  On  initial  testing  it  was  deter 
m i ned  that  the  actual  models  wou Id  not  have  the  realism  for  the 
c lose-up  earner a  work  that  would  be  available  through  the  high 
resolution  camera  system.  The  original  plan  anti  models  wei  e 

scraped.  It  was  then  decided  to  use  a  photography  technique  that 
requires  a  photograph  of  the  four  sides  of  a  building.  This 

photograph  is  then  modified  to  an  80  to  1  scale  of  the  actual 
size  of  the  buildi ng .  A  mode  1  of  the  bn i 1 d i ng  i s  manuf ac tu t  ed 
just  using  wood  for  the  frame.  The  photographs  are  attached  lo 
the  four  sides  and  when  this  building  is  observed  through  the 
probe  system,  it  gives  a  very  lifelike  appearance.  This  was  the 
technique  which  was  accepted  and  proven  to  be  the  most  realistic 
for  this  type  of  Simulator.  The  vehicle  models  were  actual 

models  purchased  from  high  quality  model  makers  and  these 
vehicles  included  oash  vehicles  as  well  as  private  and  militaiy 


38 


V 


) 


vehicles.  The  aircraft,  such  as  the  B-4E  and  C- 130  were  pm 
chased  model  systems  that  were  constructed  and  then  conf igui ed  as 
necessary  as  a  crashed  aircraft  and  placed  over  one  of  the  thi  ee 
fire  pits.  These  model s  can  be  i n  ter char  iged  as  requ i red  by  the 
instructor  to  insure  that  the  training  does  not  get  too 
repet i t i ve .  The  models  thus  turned  out  to  be  cost  eff ec  t i ve  and 

r ea 1 i s t ic . 

5.3  SMOKE  AND  WIND  SYSTEM 

The  original  smoke  system  utilized  a  Rosco  system 
wh i ch  is  a  commerc ially  available  device  used  in  most  theaters 
for  producing  stage  smoke.  They  normally  infringe  a  hot  plate 
with  a  glycol  solution  that  vaporizes  it  and  produces  a  milky 
wh ite  smoke.  The  problem  that  arose  with  this  system  is  that 

from  the  time  it  was  pumped  from  the  smoke  generator  out  to  the 
fire  pits,  it  cooled  off  considerably  thus  the  cool  smoke  would 
not  rise  but  simply  hung  close  to  the  ground .  I n  add ition,  the 
glycol  would  cling  to  the  various  sui  faces  and  leave  an  oily 
deposit  on  the  models.  The  next  experiment  with  titanium 

tetrach lor ide  which  produced  large  amounts  of  fast  rising  smoke 
when  the  powder  was  exposed  to  a  humid  atmosphere.  Upon  i nves 
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tigation  we  found  this  chemical  could  possibly  have  some  toxic 
side  effects  and  would  be  dangerous  to  work  with  in  the  quan 
tities  required  in  an  ongoing  ti  ainiug  system.  This  design  was 
el iminated . 

The  third  system  designed  and  subsequently  manufac 
tured  proved  to  be  simple,  effective  and  non  toxic.  A  heatei 

pot,  one  foot  in  d i ameter  by  two  fee  t  with  two  commerc i a  1  i mmer 

gence  heaters  set  in  it.  This  pot  is  initially  filled  with  about 
four  inches  of  water  which  is  kept  at  a  temperature  of  140  de 
gr ees  Fahrenhe i t  to  1 60  degrees  Fahrenhei t  by  two  i mmei  s i on 
heaters.  Liquid  C0r>  is  sprayed  on  the  hot  water  and  it  instantly 
turns  to  a  grayish  white  smoke.  This  smoke  is  pumped  out  via  the 
instructor's  control  valves  to  any  of  the  three  fire  pits.  At 

this  time  the  instructor  adds  helium  to  the  smoke  such  that  when 

the  helium  and  CO^  arrives  at  the  designated  fire  pit,  the  gas 
will  rise  as  if  it  was  burning.  1  he  wind  systems  are  115  volt  AC 
squirrel  cage  fans  attached  under  the  model  board .  They  expel  1 

the  air  up  through  a  hole  in  the  modelboard.  The  top  of  the 
mode 1  board ,  at  that  point,  has  a  "LT  shaped  bracket  that  only  al 
lows  the  air  to  proceed  in  a  horizontal  direction.  The  moving 

air  is  set  so  that  it  blows  towards  the  fire  pits.  The  wind  "On" 
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SMOKE  SYSTEM 


1  . 
2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 
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Smoke  Generator 

Water  Heater 

Water  Level  Sight  Glass 

Smoke  Outlet 

Water  Filler 

COe  Solenoid  Valve 

Bleed  Valve 

C0e  Bottle  (Siphon  Tap) 
Hel ium  Bottle 
Helium  Lines 
Smoke  Pipes 
Fire  Pits 

Instructor's  Console 
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and  "Off"  is  controllable  by  the  instructor. 

The  C0e  r equ i rement  is  3  pounds  per  mi nute ,  the  he  1 ium  i s 
1  CFfi.  (Refer  Figure  5.1  and  5.2) 

5.4  FIRE  SYSTEM 

The  fire  system  proposed  and  originally  manufactured 
ut 1 i zed  SCR  controlled  i ncandescen t  lamps  that  were  controlled  by 
a  white  noise  generator  to  give  a  flicker  effect,  thus,  as  the 
lights  are  flashed  on  and  off  in  a  random  pattern,  the  beams 
wou 1 d  be  displayed  on  the  rising  smoke  wh i ch  g i ves  the  si  mu lation 
of  a  fire.  Using  this  techno  logy  and  also  steady  state  orange 
type  lights  i mp i ng i ng  direct ly  upon  the  rising  smoke  gave  a  pooi 
simulation  of  an  actual  crash  fire.  This  system  was  rejected  and 
another  system  was  developed  that  simulated  a  burning  aircraft  a L 
each  of  the  fire  pits  as  required.  (Refer  Figure  5.3  and  5.4) 
The  DC  motor  which  operates  on  12  volts  at  4  amps  is  a  VonWeise 
VA93 .  I t  drives  the  flame  colored  lenses  assemb ly  directly.  As 
these  lenses  rotate  they  pass  and  then  cut  off  each  of  the  4 
flame  lights.  The  flame  lights  are  standard  12  volt  50  watt  Wes 
tinghouse  Quartz  Halogen  Bayonnet-  Bulbs.  The  lenses  are  altei 
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SMOKE  AND  FIRE  PIT 

1.  Smoke  and  Fire  Pit 
E.  Smoke  Inlet 

3.  Helium  Inlet 

4.  Flame  Flicker  Motor 

5.  Motor  Support  Bar 

6.  Flame  Flicker  Drum 

7.  Flame  Light 

8.  Flame  Colored  Lens 

9.  Smoke  and  Flame  Outlet 
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FI PURE  5.4 


nate  amber  and  red.  This  flashing  light  impinging  upon  the 

rising  smoke  gives  an  excellent  simulation. 

5.5  MODELBOARD 

The  model board  is  construe  ted  of  mul t i -sheets  o  F 
outdoor  grade  1  inch  thick  plywood.  The  plywood  was  finished  on 
both  sides  and  the  sheets  were  4  Foot  by  10  Feet.  The  plywood 

was  bolted  to  the  flat  base  of  the  gantry  (shimmed  wher  e 
necessary)  and  leveled  with  a  surveyoi s  ti  ansit.  When  all  the 

sheets  were  flat,  the  joints  wer  e  sea  led  with  epoxy.  The  mode  1 
board  presented  is  one  large  flat  surface.  The  board  was  then 
painted  using  a  standard  industrial  paint  to  the  outline  shown  j n 
Figure  5.5.  The  i  unway  lights  were  installed  by  using  miniatuie 
bulbs  inserted  from  the  bottom  with  just  the  tip  of  the  bulb 
protruding  less  than  1/16  of  an  inch  above  the  modelboard.  Addi 
tional  trees  and  shrubs  were  installed  to  give  a  more  realislii 
appear ance . 
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6.0  GANTRY  SYSTEM 

6.  1  INTRODUCTION 

The  main  frame  (MX"  axsis)  was  designed  and  made  of 
heavy  duty  steel  "  I  "  beams .  The  rnovab  le  gantry  (  "  Y"  axsis  i  ides 
on  the  main  frame,  and  is  manufactured  of  aluminum-  The  i  ota 
tional  probe  system  <"Z‘'  axsis)  is  made  of  stainless  steel  and 
aluminum-  All  of  these  components  were  designed  and  manufactured 
in  house.  There  are  no  problems  with  the  frameworks  themselves, 
however,  there  was  some  vibration  in  the  "X”  drive  system  due  to 
some  inherent  instability  in  the  long  drive  shaft  -  ’These 
pr  ob lems  were  <  eso  1 ved  and  the  gantry  proved  to  be  an  ex  tr  emel y 
effective  and  stable  platform  foi  the  optical  probe  system. 
(Refer  Figures  6.1  and  6-2)  There  are  three  drive  motors  on  this 
system ,  one  for  the  n  X"  axsis  (parallel  to  runways),  the  "V"  ax 
sis  (the  short  direction)  and  the  "Z"  axsis  (the  rotat ioua 1 
axsis).  The  drive  motors  and  amplifier  selected  are  Inland  Notoi 
DA  servos  with  integral  tachometer  generatot  (Refer  Figures  6.3, 
6.4  and  6.5)  These  motors  proved  to  be  exceptionally  stable  and 
had  a  turn  down  ratio  (high  speed  to  low  speed  ratio)  of  10,000 
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'•ifil'H  RV  SCHEMATIC 


1 .  Ma in  Lights 
E.  Sky  Light 

3.  Moving  Florescent  Lights 

4.  Moving  Quartz  Lights 

5.  Model  Board 

6.  X  Track 

7.  X  Gantry 

8.  Y  Gantry 

9.  Azimuth 
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FIGURE  6.2 


GENERAL  DESCRIPTION 

The  TT-295X  family  of  DC  servo  motor  -  DC  tachometer  generator  units 
(herein  called  motor  and  tachometer)  has  been  designed  to  meet  exacting 
requirements.  The  design  basics  include  permanent  magnet  field  assemblies, 
low  inertia,  high  continuous  and  peak  torques.  Class  F  insulation,  and 
totally  enclosed  nonventilated  construction. 

INSTALLATION 

I.  Location 

The  unit  should  be  placed  where  the  ambient  temperature  will  not 
exceed  40°  C  (104°  F) . 

II.  Mounting 

The  unit  can  be  mounted  in  any  position.  The  outline  and  assembly 
drawinqs  for  the  unit  depict  all  necessary  mounting  dimensions  and 
wiring  detail. 

III.  Terminal  Box 

—  -  o 

An  external  terminal  (or  conduit)  box,  that  may  be  rotated  180  for 

mounting  convenience,  is  provided  for  lead  connection.  The  motor  leads 
(green  and  orange) ,  thermostat  leads  (white) ,  and  the  tachometer  leads 
(black  and  white)  are  located  in  this  box. 

MAINTENANCE 

I.  General  Maintenance  Requirement 

Normal  DC  motor  maintenance  procedures  shall  be  used  with  the  TT-295X 
family  of  servo  drive  motor  tachometers.  The  motors  use  cartridge  brushes 
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accessible  from  periphery  of  tach  end  bell.  The  tachometer  uses  a  one- 
piece  molded  brush  ring  assembly.  The  bearings  are  sealed  and  permanently 

lubricated. 

The  permanent  magnet  field  assemblies  do  not  require  maintenance. 
Armatures,  both  tachometer  and  motor  (when  necessary),  can  be  removed  from 
their  field  assemblies  without  the  use  of  keepers  with  no  loss  of  sensi¬ 
tivity.  This  disassembly  is  described  in  detail  under  Disassembly 
(Section  III,  Parts  B  and  C) . 


t 
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to  1 .  The  motor  inputs  were  deter m i ned  by  the  drivi ng  alqor i thm 
and  these  inputs  varied  from  1  millivolt  to  10  volts  DC  in  all 
three  axs i s .  The  inputs  to  the  drive  motor  amph 1  i  f  i  ei  rame 
directly  from  the  D/A  sec tion  of  the  microprocessor.  The  wires 
were  shielded  and  properly  grounded  to  eliminate  any  extraneous 
noise  pick  up.  These  drive  systems  exceeded  all  the  requirements 
for  the  motion  of  the  probe. 

6.E  GANTRY  MOTION 

It  was  decided  at  an  early  stage  that  standard  servo 
motors  and  controllers  should  be  used  in  the  gantry  rno  tion 
system .  This  was  done  in  order  to  enhance  the  ma intain ability  of 
the  system. 

The  servo  and  controllers  t  esponse  characteristics 
had  to  be  matched  to  the  inert ial  loadings  of  the  model  bo ai  d 
gantry  assemb ly  to  ach ieve  a  stable  and  ac cep tab le  mo  tion 
prof i le . 

The  calculated  i  ner  t  i  as  i  1 1  the  11  X  11  axes  reflected  at 
the  servo  motor  shaft  were  higher  than  foi  the  "Y"  or  the  "2"  ax 
sis  and  therefore  dominant. 
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They  were: 


GANTRY 

ALL  ROTATING  COMPONENTS 

TOTAL  GANTRY 


3.  J 

X 

10 

lb  . 

ft . 

s 

1  .48 

X 

10 

lb  . 

ft . 

s 

4,58 

X 

10 

lb  , 

ft . 

s 

The  servo  motor  finally  chosen  was  an  Inland  Motors  T1  2950, 
hav ing  the  following  characteristics: 


MAX  TORQUE 

MAX  ACCELERATION  RATE 
ROTOR  INERTIA 


12  ft,  lb. 

17000  RAD/S 

0.695  x  10  lb.  ft.  S 


This  gave  a  gantry/mo tor  ineitia  ratio  of  6.6.  This 
ratio  was  acceptable  for  good  response  charac ter ist ics  within  the 
driving  envelope  which  called  for  722  RPM  at  60  mph  equivalent 


55 


speed-  This  equivalent  modelboard  speed  was  1.2  ft. /sec. 

The  Ini  and  Motor  controller  chosen  was  a  single  r  arc! 
t ype  ,  model  No  .  SB  1  -160/  1 0  PUJM  ,  1 1  possessed  the  f  o  1 1  ow i  nq 

characteristics; 


FEED  BACK  LOOPS  : 

INPUT  SIGNAL  ; 
RESOLUTION  : 
RATED  CURRENT  CAPACITY  : 
TURNED  RESPONSE  AT  RATING: 


Proportional ,  different ia 1 , 
integral  and  current. 

10  10  VDC 

i  MV 
20  A 

One  overshoot,  one  under  shoot. 


Az imuth  Control  System  Pr ob lem 

A  r  esonance  was  exper ienced  in 
subsystem ,  wh ich  d i sab  1 ed  the  control  system . 
frequency  was  in  the  low  ultrasonic  range.  The 
was  changed  by  substituting  the  dr i ve  gear  with 
ferent  polar  inertia  that  corrected  the  pioblem. 


the  azimuth 
The  resonance 
system  inei  Lia 
another  oi  d i  f  - 
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AXES  FRAME 


The  axes  frame  consists  of  two  IE  feet  x  4  feet  steel  “I" 
beams)  that  are  separated  and  bolted  together  by  8  feet  by  4  teet 
steel  "I"  beams .  The  unit  was  bolted  together  to  make  it  pos 
sible  to  be  moved  from  site  to  site  after  manufacture .  1 h i s 

whole  framework  is  mounted  on  steel  legs  with  screw  ad  jus  truen  Is 
on  the  bottom  to  i nsur e  proper  a  1  ignment  on  the  top  of  the  IE 
inch  by  4  inch  steel  ”1"  beams.  There  is  a  3/4  inch  seamless 
stainless  steel  shaft  that  acts  as  the  rails  for  the  top  gantiy. 
(Refer  Figure  6.6)  On  one  side  this  3/4  inch  steel  shaft  is 

firmly  attached  to  the  top  "I"  beam.  On  the  other  side  it  is 
mounted  between  two  sma 11  bars  that  al lows  it  to  move  in  the  " V " 
direction.  Thus  if  there  is  any  thermal  expansion  problems,  this 
rod  has  the  ability  to  move  freely  to  adjust  for  slight  dif 
ferences  in  the  width  of  either  the  main  frame  or  the  "Y"  gant*  \ 
The  "Y"  gantry  is  constructed  of  6061  T6  rectau 
gular  structural  aluminum.  This  was  to  minimize  the  i nei  t i a 
problems  and  lessen  the  load  on  the  servo  systems.  The  " Y" 
gantry  rolls  on  four  ball  bearings  wheels  with  concave  qroves 
that  fit  directly  on  the  3/4  inch  stainless  s  tee  1  rod  of  the  11 X " 
axes.  Two  of  the  wheels,  one  on  eithei  side  are  driven  by  two 
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FLOATING  TRACK  SYSTEM 
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belts  from  the  ma  in  drive  mo  tor  -  This  roa  in  dr  i  ve  mo  tor  is  con 
nected  to  a  drive  shaft  that  spans  the  "Y"  gantry.  As  originally 
designed  there  was  excessive  vibration  (whipping)  in  this  dr  ive 
shaft  under  high  speed  operation.  A  shaft  of  larger  diameter 
would  norma  11 y  be  the  solution.  However  ,  this  would  increase  the 
polar  inertia  of  the  shaft  adversely  affecting  the  response 

characteristics  of  the  servo.  The  final  solution  was  the  use  of 
a  1/2  inch  diameter  shaft  concent) ic  to  a  fixed  3  inch  suppoi  L 

tube  and  attached  to  it  at  three  places  by  internal  ball 

bear i ngs . 

The  "Z"  axsis  are  rotational  axsis,  constructed  of 
aluminum  and  stainless  steel  for  both  weight  and  strength 

requirements.  This  system  was  designed  to  be  a  multi  rotational 
device  but  since  it  was  designed  without  slip  rings,  it  is  neces 
sary  to  limit  the  rotation  to  a  full  seven  turns.  Thus,  star  tinq 
at  the  midpoint,  the  veh i c le  can  make  3  each ,  360  degree  tm  ns 


before  the 

veh ic le 

must  be 

tur  ned  i  n 

the 

opposite  direction. 

With  the 

1 ayout 

of  the 

modelboard 

and 

the  scenar ios ,  as 

submitted,  there  are  no  problems  with  hitting  the  limit  switches. 
All  the  electrical  inputs  to  this  system  were  designed  so  there 
wou 1 d  be  enough  slack  so  that  they  could  wrap  around  the  " Z "  ax 
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FIGURE 


LOWER  PROBE  ASSEMBLY 


; 


1  .  Foam  No z z le 

2.  Foam  Valve 

3.  Rotating  Foam  Union 

4.  Tilt  Assembly 

5.  Tilt  Control  Arm 

6.  Rotation  Servo 

7.  Tilt  Connecting  Rod 
B .  Tilt  Servo 

9.  Servo  Receiver 

10.  Lens  Assembly 

11.  Lower  Optics  Shield 

12.  Upper  Optics  Shield 

13.  Headlight 
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FIGURE  6.8 


sis  without  any  interference .  The  liquid  C0e  system  wh i ch  con¬ 
sists  of  a  heavy  duty  neoprene  hose  required  a  pulley  and  weiqht 
system  to  compensate  for  any  slack  in  the  hose  system  as  the 
probe  rotated.  (Refer  Figure  6.7  and  6.8) 

7.0  OPTICS  SYSTEM 

7.1  OPTIC  SYSTEM  INTRODUCTION 

The  optical  system  is  one  of  the  more  complex  sec 
t ions  of  the  system .  It  took  the  longest  amount  of  t i me  to 

design  and  build.  A  number  of  pioblems  with  the  optics  was  lhat 
a  small  probe  as  is  possible  was  required,  as  well  as  a  complete 
wrap  around  field  of  view  and  good  i  eso lu  t ion.  The  probe  design 
was  initially  a  six  lense  system  with  the  optical  view  being 
tr ansmi t ted  up  six  separate  tubes  through  sets  of  lenses  set  at 
critical  points.  These  lenses  relay  the  view  information  fiom 
one  lense  to  another  until  it  is  displaced  in  front  of  a  carnet  a 
that  will  pick  it  up  and  make  it  available  for  display.  "Iheie 

were  problems  with  this  design  and  it  was  changed  over  to  a  fj'e 
lense  s /stem  with  the  v i deo  image  being  t r ansm i 1 1 ed  up  f i ve 


) 


separate 
front  of 
pr  ob  lea» 


fiber  optic  bundles.  With  these  bundles  terminating  in 
each  their  respect  ive  earner  as ,  this  caused  a  major  t  line 
in  the  design  and  manufacturing  of  the  simulator. 


7.2  ORIGINAL  DESIGN 

The  original  designs  major  prob 1 ems  was  the  critical 
positioning  of  each  of  the  relay  1 enses .  I t  was  possible  in  a 

laboratory  set  up  to  build  a  lens  lug  system  and  adjust  it  for 

correct  operation.  However,  if  there  was  any  motion  of  the  sys¬ 

tem  that  was  not  of  a  gentle  nature,  the  lenses  could  shift  arid 
the  whole  system  would  be  out  of  focus.  This  system  could  no L  be 
preset  and  locked  in  as  a  factory  manufactured  part  as  ad  jus  t 
ments  would  always  be  necessary  in  the  field.  This  problem 

coupled  with  the  fact  that  there  was  six  separate  lensing  system 
and  each  one  had  to  be  individually  adjusted  if  there  was  exces 
sive  motion  in  the  i  elay  system.  This  motion  could  be  as  simple 
as  a  driver  making  a  mistake  and  driving  the  optic  probe  b/  at  t  i 

dent  into  one  of  the  models.  It  was  thus  quite  probable  that  the 

instructor /operator  would  spend  a  great  deal  of  time  readjusting 
all  these  lenses.  Even  though  it  was  pi  oven  that  the  system  was 
technically  feasible  and  would  meet  the  systems  requirements,  the 
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reliability  would  not  have  been  acceptable-  So  this  design  was 
dropped . 

7.3  FIBER  OPTIC  SYSTEM 

The  fiber  optic  system  reference  Figure  7.1  system 
schematic  shows  the  basic  layout  of  the  system.  There  is  one  ob 
jective  lense  that  is  adjustable  at  the  front  of  the  probe.  This 
focuses  the  i nformat ion  on  to  the  r  ef 1 ec  ting  pr ism  wh i ch  trans¬ 
lates  it  through  the  fiber  cable  to  a  single  relay  lense  which  is 
then  picked  up  by  the  CCD  Camei  a  input  and  transmitted  via  the 
camera  to  the  projector.  Figure  7,2  shows  the  layout  of  the  op¬ 
tical  image  pi ane .  Show i ng  the  video  input  into  the  five  chan  - 
ne is  and  thei r  angul ar  d isp 1 acemen  t .  F igure  7.3  is  a  schema  t i c 
assembly  of  the  fiber  optic  cable  which  is  physically  attached  to 
the  optical  input  plane.  Figure  7.4  gives  the  relative  position 
of  the  lense  assembly.  This  complete  assembly  is  encased  in  a 
sturdy  structui  al  housing  that  allows  the  system  to  he  dr  iven 
around  the  modelboard  and  occasionally  be  bumped  into  models 
without  any  excessive  damage  to  the  assemb ly .  There  is  one 
prob 1 em  with  the  fiber  optic  assemb 1 y  and  that  is  each  of  the 

five  bundles  consist  of  680  X  680  of  fiber  optic  tubes  attached 
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Fibre  Cable  Assembly  (schematic). 

-  .  max. available  apace  limitation 

For  detaila  of  input  plane  see  DWG.FT-1005* 

(9)  *  Front  portion  of  cables  at  the . optical  input  plane. 

^  Thi6  dimension  may  be  designed  from  1/4  up  •  to  8  inch. 

depending  on  cable  flexibility  and  holding  structures. 
Thi6  front  portion  must  be  rigid,at  least  for  each 
individual  cable, if  assembly  consists  of  separate 
cables  mechanically  held  together. 


Assembly 

Fibre  Cables  (schem. ) 

DWG.  FI-1004 
Kg  Scale. 

PJM  Research  laboratory 
Flushing,  NY  1135^ 
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FIGURE  7.3 
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FIGURE  7.5 
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FIVE  CHANNEL  FIBER  OPTIC  CABLE  SPECIFICATIONS 
GALILEO  ELECTRO  OPTICS 

Fiber  Diameter: 

Coherent  Fiber  Bundle: 

Fiber  Optic  Cable: 

Fiber  Breakage: 

Light  Transmission-: 

Resolution: 

Coherency: 

Surface  Temperature: 


10  micron 

6X6  fibers  cemented  together  to 
a  60  micron  X  60  micron  square 

Composed  of  edge  cemented  fiber 
bundles  to  an  0„A.  viewing  area 
of  5  millimeter  X  5.4  millimeter 

0.5  percent  maximum 

25  percent  at  440  nanometers, 

45  percent  at  700  nanometers 

50  line  parts  per  millimeter 

0.001  inch  maximum  deviation 

-60  degrees  Fahrenheit  minimum 
+180  degrees  Fahrenheit  maximum 
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FIGURE  7.6 


to  each  other  in  bund  1 es  of  6  X  6 


(36  total )  in  such  a  manner 


that  whatever  i s  t r ansmi t ted  in  one  tube  that  will  he  pr  o  j ected 
at  the  exact  same  point  at  the  end  of  the  bund le.  Unf or  tuna  tel y , 
in  the  manufac tm  i ng  and  assembly  pi ocess  some  of  the  optic 
fibers  break  and  this  will  be  shown  as  a  dark  spot  by  the 
projectoi  .  It  is  possible,  however,  through  careful  manufactur¬ 
ing  techniques  and  hand  ling  to  build  a  system  that  will  minimize 
the  number  of  broken  fibers  -  Figui  es  7.5  and  7.6  show  the  dep Lh 
of  field  and  the  focus  distance  obtained  with  this  design. 


7.4  CAMERA  SYSTEM 

The  camera  selec  ted  foi  the  Final  design  is  a  Sony 
DXC-101/101P,  reference  Figure  7.7.  This  system  was  selected  be 
cause  of  its  very  low  light  capability.  This  is  inherent  in  any 
CCD  Camera,  but  at  the  time  of  purchase  this  camera  had  the  best- 
capable  of  any  in  the  market  place.  The  earner  as  are  nioun  ted 

firmly  to  a  round  plate  on  the  rotating  part  of  the  ganti  y 
system.  This  eliminates  the  need  of  any  twisting  of  the  fiber 
optic  cables.  Each  of  the  fiber  optic  cables  terminates  at  the 
input  of  the  CCD  Camera.  As  shown  in  Figure  7.7,  the  instructoi 
has  the  capability  to  adjust  the  video  gain  for  each  o I  the 


LOCATION  AND  JNCTION  OF  PARTS 


VIDEO  OUT  (video  output)  connector 
(BNC  type)  (See  page  7.) 

(T)  LENS  connector 


DC  IN  (DC  power  supply  Input) 
mnnnr.inr  (12-Dlnl  (See  Daae  7.) 


[I]  AUTO  WHITE  BAL  button  and  Indicator 

i  1 

(T)  WHITE  BAL  selector 


Flange  local  length  adjustment  ring 
(See  page  10.) 


Lens  mount 
(C  mount) 


Screw  holes  tor  camera  mounting 
(U  >/«'— 20  UNC)  (See  page  6.) 


GAIN  (video  output  level)  selector 
(See  page  10.) 


SONY. _ _ _ 

COLOR  VIDEO  CAMERA 

DXC-101/101P 


OPERATING  INSTRUCTIONS 

Before  operating  the  unit,  please  read  this  .manual 
thoroughly  and  retain  It  for  future  reference. 


) 
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cameras  -  These  cameras  have  proven  to  he  both  reliable  and 
sturdy  and  will  work  well  under  the  environmental  conditions  that 
the  simulator  will  be  subject  to. 

7.5  PROJECTORS 

The  pro  jec tors  that  were  selec  ted  were  the  Aqua  S  tai 
3B  manufactured  by  Electronic  Systems  Products  in  Titusville,  F3 
These  projectors  were  selected  because  of  their  high  video  output 
and  their  compact  size.  Two  other  types  of  projectors  were 

studied  but  they  did  not  have  the  compact  size  needed  to  fit  un 
der  the  cab  of  the  vehicle  without  physically  interfering  wi Lh 
each  other.  The  Aqua  Star  3B  is  shown  in  Figure  7.8,  the 
specifications  on  Figure  7.9,  and  the  schematic  on  Figure  7.10 

7.6  SYSTEM  LIGHTING 

The  lighting  for  this  s ys t em  was  or i g i na 1 1 y  con 
ceived  to  be  series  of  fluorescent  tubes  mounted  above  the  gantry 
of  the  modelboard.  That  would  give  suffici ent  1 i gh t i ng  f o i  the 
Sony  Camera .  After  the  system  was  manufactured  and  tes  t i ng 
started,  it  was  determined  that  the  lighting  was  not  hi  ight 

enough.  There  was  also  a  problem  with  shadows  as  the  gantry 
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FIGURE  7.8 


AQUASTAR  III  B 


SPECIFICATIONS 


Opllcal: 

Throw  Distance: 

Light  Output: 
Resolution: 

Cathode  Ray  Tubes: 


Electrical: 

Video: 


Cable  Lengths: 


f:1  refractive  with  liquid  Held 
corrector 

1.5  times  screen  width 
(l.e.  6’  wide  screen  9'  away) 

400  lumens  peak  white 
600  lines  RGB-330  NTSC  video 
40  kV  magnetically  deflected  and 
focused,  non-browning,  strontium- 
filled  glass,  liquid-cooled  color 
phospnors,  peak  current  4  ma  each 
tube 

mains:  115  V  60  Hz  (standard) 

240  V  50  Hz  (optional) 
power:  300-400  watts 
1  V  P-P  negative  composite  sync 
NTSC,  RGB  Inputs  with  separate  sync 
or  sync  on  green,  RGB  gain  controls, 
sweep:  525-625  line  scan  50-60  Hz; 
PAL,  SECAM  and  modified  NTSC 
decoders  (optional) 

6'  power  cord 

15'  standard  remote  control; 
optional  lengths  available 


FEATURES 

Mechanical 

•  Small  size:  9W  high  x  20"  wide  x  28V4"  long 
(Including  lenses) 

•  Lightweight:  75 lbs. 

•  Easy  celling  mount  (full  swivel)  may  be  mounted  In 
almost  any  position 

•  Rigid  mechanical  assembly  for  stability 

Controls 

Pre-set 

•  Grey  scale  level  controls  —  red,  green,  blue 

•  Master  horlzontal/vertlcal  size 

•  Master  horizontal  center 

•  Master  vertical  linearity 

•  Sub-contrast 

•  Sub-brightness 

•  Sub-color 

•  Sub-tint 

Back  panel 

•  Focus  —  red,  green,  blue 

•  Tube  cut-off  switches  —  red,  green,  blue 

•  Horlzontal/vertlcal  hold 

•  Horlzontal/vertlcal  keystone  —  red,  green,  blue 

•  Horlzontal/vertlcal  pincushion 

•  Horlzontal/vertlcal  size  —  red,  blue 

•  Horlzonlal/vertlcal  linearity  -  red,  green,  blue 

•  Horlzontal/vertlcal  bow  -  red,  green,  blue  \ 

•  Horizontal  skew  —  red,  green,  blue 

•  RGB  contrast  — red.  green,  blue 

•  Crosshatch 

Remote 

•  Power  on-off  switch  —  LED  power/fallure  Indicator 

•  Standby  switch 

•  Signal  source  selector  switch  (RGB,  composite  video, 
crosshair) 

•  Brightness 

•  Picture  control  (automatic  color  tracking) 

•  Color -Tint  •Detail  -  * 

•  Master  focus  — 

•  Horlzontal/vertlcal  centering  —  red,  blue 

•  Remote  control  box  uses  D.C.  and  low  voltages  for 
long-distance  cabling  compatible  with  common 
electric  power  code  requirements 

•  Slandard  115  volt  Input;  140  volt  high  line  -  90  volt 
low  line 


Optical 

•  Adjustable  4 '  to  25'  wide  screen  size;  uses  any  screen, 
flat  or  curved  (not  furnished) 

•  Liquid-coupled  lens  and  tlquld-cooled  tubes  (pat, 
applied  for) 

•  Easily  accessible  back  panel  registration  controls 

•  Parallel  lenses  for  easy  screen  sUe  change;  simple 
focus  (pat.  applied  for) 

•  Fully  regulated  focus,  high  voltage  and  registration 
circuits 

•  Built-In  crosshatch  and  crosshair  generator  to  facilitate 
registration 

Signals 

•  Normally  driven  by  remote  tuner,  tape  recorder  or  other 
video  Inputs 

•  Video  processing  corrects  for  video  Input  signals 

•  Black  level  adjustable 

•  Locked  positive  Interlace 

•  Removable  termination  for  video  feed-through 

•  Sweep  reversal  plug  for  rear  screen  projection 

•  Integrat'comb  filter 

•  I  and  ©.color  demodulation 

•  RGB  Inputs  with  separate  gain  controls,  TTL  compatible 

•  Automatic  video  gain  control 

•  Separate  sync  or  sync  on  green 

•  PAL  and  SECAM  options 

Power/Safety 

•  Switch  mode  power  supplies  for  efficiency,  cooler 
operation  and  reduced  weight 

•  No  high  powered  60  cycle  transformers,  thereby 
reducing  magnetic  fields 

•  90  volt  to  140  volt  Input 

•  Full-line  Isolation;  photo-optlcally  coupled  high 
voltage  regulator 

•  Accessible,  Interchangeable  P.C.  boards  for  easy 
maintenance 

•  X-ray  shielded  and  sealed;  compiles  with  applicable 
HEW  rules 

•  Arc  protected;  encapsulated  HV  leads  and  connectors 
*  •  Overvoltage  and  overcurrent  protection 

•  Slow  high  voltage  turn  on  to  protect  against 
electrostatic  arcing 

•  Sensitive  components  diode  protected  from  high 
voltage  static  discharges 

Accessories 

•  Celling  bracket 

•  Extended  remote  control  cables  In  25'  Increments 
to  100' 

APPLICATIONS 

•  Teleconferencing 

•  Education 

•  Computer  Graphics 

•  Sports 

•  Entertainment 

•  Theatres 

•  News,  Information 

•  Overflow  Crowds 

•  Rentals 

Specifications  subject  to  change  without  notice.  This  product  covered 
under  U.S.  patent  #4151554  or  other  patents  applied  for. 


•  Sales  Meetings,  Conventions 

•  Medical  Instruction 

•  Training,  Orientation 

•  Board  Room  Presentations 

•  Hospitality,  Restaurants 

•  Advertising  Presentations 

•  Product  Introduction 

•  Close-up  Demonstrations 


electronic  SYSTEMS  PRODUCTS,  INC. 


One  Tico  Road 
Titusville.  FL  32700 
(305)  269-6600 


Telex 
ESP  TIVL 
56-7-490 


#9 1M  11/01 
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FIGURE  7.9 


) 


drove  between  the  object  being  looked  at  and  the  lighting  souice. 
To  eliminate  this  problem  it  was  necessary  to  mount  on  the  undei 
side  of  the  gantry  Sylvania  £00  Watt  high  intensity  fluorescent 
1 amps  -  on  each  side.  In  addition,  it  was  necessary  to  sttsch 
two  banks  of  500  watt  quartz  halogen  General  Electric  Bulbs  on 
each  of  the  support ing  walls.  Aftei  the  installation  was  made  in 
Florida,  it  was  felt  that  the  presentation  needed  improvement  so 
i t  was  necessary  to  add  B  each ,  1000  watt  quartz  Halogen  lights 

on  the  gantry.  With  this  lighting  system,  the  shadows  wei e 
eliminated  and  it  was  possible  to  obtain  a  realistic  image  n  ou> 
one  side  of  the  airfield  to  another , 

7.7  SCREENING 

To  ci eate  the  effect  of  a  sky  surrounding  the  ait 
field  it  was  necessary  to  wrap  an  off  white  screen  completely 
around  the  modelboard.  The  or iginal  set  een  that  we  selected  and 
installed  was  not  acceptable  to  the  Aii  Force  because  it  was  no  t 
fire  resistant,  A  fire  resistant  screen  was  then  purchased  and 
installed  which  was  hung  on  the  original  frame  which  extended  q 
feet  above  the  modelboard.  This  screen  also  served  the  pui pose 
of  reflecting  the  light  on  to  the  modelboard  area. 
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8.0  TRAILER  CONFIGURATION 


The  possibility  of  trailerizing  the  P-4  (Refei 
Figure  8.1)  training  system  was  investiga  ted  to  f ac i 1 i t  a t e  mo  ve 
ment  from  air  base  to  air  base.  The  initial  effort  showed  that 
it  was  possible  using  a  standard  military  type  trailer  to  enclose 
and  transport  the  complete  system .  There  were  a  number  of  tr  ade 
offs  that  would  have  to  be  made  but  the  trailer  was  designed  to 
fit  into  an  Air  Force  cargo  pi ane .  There  were  a  number  o  f 

problems  with  trailerizing  a  unit  of  this  type.  They  are  as 
fo 1  lows ; 


0. 1  SCREENS: 

The  screen  configuration  as  pi esently  util ized 
would  not  be  suitable,  as  they  are  too  large  for  transport .  I t 
was  also  determ i ned  that  i ns  tea d  of  having  five  large  sc  reei  is . 
there  would  be  approximately  80  screens  that  would  be  designed  to 
be  assembled  into  the  full  screen  area.  These  screens  would  have* 
to  be  stackable  in  a  storage  compartment  either  inside  the 
trailer  or  underneath,  as  shown.  This  would  not  be  a  tremendous 
under  taking  but  it  wou 1 d  require  add i t i o  na 1  eng i neer i ng  e  f  for  t 
and  a  new  mold  for . the  screens. 
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8.2  MOTION  SYSTEM: 

The  motion  system  as  preset  1 1 1 y  manufactured 
would  have  to  be  comp  1 e t e 1 y  redes iqned  due  to  the  size  con 
straints  of  the  trailer.  The  trailer  itself  could  be  used  as  a 
frame  for  the  motion  mechanism  but  there  would  be  a  complete 
redesign  effort  for  the  roll,  pitch  and  horizontal  motions.  In 
addition  '  the  motion  algorithm  would  have  to  be  extensively 
modified  to  be  compatible  with  the  new  motion  system. 

8.3  GANTRY: 

The  gantry  system  would  have  to  he  down  sized  to 
accommodate  the  width  restrictions  of  the  trailer.  In  addition, 
there  would  be  extensive  engineering  required  to  strengthen  the 
gantry  and  build  a  support  system  to  hold  the  gantry  system 
during  shipment  fi  om  base  to  base. 
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8.4  OPTIC  SYSTEM : 

The  optic  system  would  remain  essent ially  the 
same  except  that  provisions  must  be  made  to  quickly  remove  the 
critical  components  such  as  lense  and  fiber  optic  cables  for  easy 
and  safe  storage  during  transportat ion. 

8.5  MODELBOARD: 

The  modelboard  scale  would  have  to  be  changed  to 
a  smal ler  scale  to  have  the  same  type  of  layout  as  present  wi th  a 
modelboard  that  is  almost  twice  the  at  ea. 

8 . 6  PRO JECTORS/ CAMERAS : 

Projectors  and  cameras  will  be  unchanged,  however 
their  mountings  must  be  strengthened  to  withstand  the  problems  ol 
shipping  from  base  to  base. 

8 . 7  SMOKE/FIRE  SYSTEM : 

These  systems ,  again  will  have  to  be  re— eng i nee red 
to  be  able  to  take  the  vibrations  imposed  upon  them  by  shipping 
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9,0  DRIVING 


9.1  DRIVING  ALGORITHM 

The  first  step  in  developing  the  drivi ng  a  1  got  i  fcl im 
was  to  test  an  actual  vehicle  in  order  to  document  its  tui  ning 
radius  characteristics,  as  we 11  as  the  acceleration,  and 
deceler  at  ion  performance ,  and  the  anqle  of  lean  in  turns  ,  I" \  on) 
these  tests  it  was  found  that  the  turning  ladius  Ro  (feet)  in 
terms  of  the  steering  wheel  angle  (degrees)  could  be  expressed 
as : 


Ro 


15252,6 

2  (0) 


0.769 


The  equations  of  motion  were  then  written.  It  was  seen  that  in 
the  interests  of  real  time  response  of  the  simulator  the  equa¬ 
tions  had  to  be  simplified  so  that  solutions  could  he  had  in  a 
real  t ime  f r a me .  I t  was  dec ided  to  ignore  the  tire  slip  anq les, 
and  in  v i ew  of  the  relati ve 1 y  low  speeds  involved  that  was  a 
reasonable  as sump t ion.  The  turning  circle  origin  could  then  be 
assumed  to  lie  on  an  imag i nary  line  ex  tend i ng  1  a ter al ly  from  the 
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center  of  the  rear  axle.  The  motion  equat  ions  had  to  be  ron 
sidered  about  the  same  point  that  the  drivers  eyes  were  located. 
This  point  was  located  above  the  front  axle.  ( Refer  Figure  9.1 
and  9.2) 


From  the  geometric  diagram  in  figure  (9.1)  the  following  equa¬ 
tions  could  be  deduced. 

Ro  =  15252,6 

2  ((J>)  0,767 

0  =  tan  ^  A 

Ro  +  B 


V  =  v 

COS  0* 


Y  =  obtained  from  optical  encoder  on  azimuth  servo 


VX  =  V  cos  (Y  -  90  -  8  ) 

4 


83 


) 


) 


VY  =  V  sin  (Y  -  90  -  0  ) 

w  =  ^ -  radians/second 

In  order  to  simplify  control,  and  in  order  to  ensure  that  the 
vehicle  did  not  acquire  a  sideways  motion,  it  was  decided  to 
slave  the  X  and  Y  velocities  to  the  azimuth  angle  in  the  ti  ans- 
formation  routine.  That  is  vectorial  addition  of  the  X  and  Y 
velocity  components  would  always  t  esu.lt  in  a  vector  parallel  to 
V. 

The  general  flow  of  the  driving  program  is  depicted  on  F  igui  e 
9.2. 
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GLOSSARY  OF  TERMS: 

U  :  Vehicle  velocity  vector  about  the  center  of  the  real 

axle.  Obtai ned  from  veh i c 1 e  parameters  and  the  veh i c 1 e 
velocity  sub rout i ne . 

Y  :  Optical  Probe-Azimuthal  angle  measured  counterclockwise 

from  the  X  ax i s . 

Obtained  from  the  optical  encode*'  installed  in  the 
az i muth  servo . 

Y  :  Veloc i ty  vector  of  drivei  . 

0'  :  Instantaneous  center  of  vehicle  turning  circle. 

Ro  :  Instantaneous  radius  of  vehicle  turning  circle. 

R  :  Instantaneous  radius  of  driver  turning  circle. 

D  :  Location  of  drivers  head 

A  :  Longitutinal  displacement  of  driver  from  rear  axle, 

B  :  Lateral  displacement  of  driver  from  center  line. 

0  :  Angle  between  Ro  and  R. 

Y  :  Angle  of  Ro  from  X  axis. 

X  :  local  X  axis.  Parallel  to  ganti  y  X  axis. 

Y  :  local  Y  axis.  Parallel  to  gantty  Y  axis. 

VX  :  X  axis  component  of  vehicle  velocity. 

VY  :  Y  axis  component  of  vehicle  velocity. 
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U1  t  Az  i  math  angular  veloc  ity  (radians  per  second)  . 

0  :  Steering  wheel  angle  (degrees)  obtained  from  steering 

potent iometer . 

10.0  COMPUTER  SYSTEM 

10.1  GENERAL 

The  computer  system  has  a  1 ways  been  based  on  a 
Mo  tor  o 1  a  MC68000 ,  16  bit  microprocessor.  The  original  system  was 

designed  and  build  using  a  wire  wrapped  board  for  the  mai u 
processor .  This  system  was  turned  on  and  made  functional  with 

the  wire  wrapped  board.  As  the  testing  and  intergradation  of  the 
system  continued.  the  down  time  caused  by  the  wire  wrapped  main 
processor  board  was  unacceptable.  Using  the  same  desiqn,  a 

printed  circuit  board  was  manufactured  and  substituted  fo\  the 
wire  wrapped  board.  This  mi c  r oprocesso  r  board  worked  floor  less] y 
after  it  was  installed. 
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COMPUTER  SYSTEM 


The  computer  system  i s  based  upon  a  MC68000  ?  16  bit 

microprocessor  ( Refer  F i gur e  10.1)  which  is  operated  at  a  system 
clock  speed  of  8  MHz .  The  operational  program  is  stor  ed  o 1 1 

EPROMS  resulting  in  high  reliability  associated  with  ernbeded 
systems.  The  microprocessor  interfaces  to  the  peripheral  via  the 
synchronization  methods  DTACK  and  VPA.  DTACK  is  utilized  by  fast 
per i pher a  1 s  where  as  VPA  i s  used  by  slow  per ipherals.  The  corn 
puter  interfaces  to  three  16  bit  D i g i t a  1 - 1 o-Analog  Convei  tei  s 
which  provide  analog  control  voltages  to  the  motor  control  system 
of  the  gantry.  These  are  the  pr imai  v  outputs  of  the  computet  to 
control  all  probe  motion  in  the  X,  Y  and  Azimuth  directions.  I  he 
computer  also  interfaces  to  three  ana log-to-d ig i t a  1  convei  tei  s 
wh ich  mo nitor  the  gass  pedal ,  brake  peda 1  and  steer i ng  whee I 
signals.  These  are  inputs  along  with  shifter  position,  ( send 
through  a  switch  input)  that  are  used  to  provide  input  to  the 
s i mu  1  a t ion  equation  which  calculates  the  drive  motor  outputs. 
The  only  other  i nput  used  for  calculation  of  the  equation  tesult 
is  the  optical  encoder  input.  This  input  is  interf aced  to  a 
counter  card  wh ich  deter mi nes  actual  angular  position  and  I s 
accessed  via  the  data  position  of  the  support  beam  (actually  a 
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tube )  i s  accomp 1 i shed  with  a  1 i near  actuator  wh ich  causes 
to  tilt  side  to  side.  The  ti me  of  the  pulses  to  the  a i  \ 

cylinders  is  under  control  of  an  8  hit  1  MHz  microprocessor  which 
interfaces  to  the  main  computer  via  the  analog  outputs  of  MPI I  and 
dece 1 eration.  The  calculat ions  of  pulse  width  come  d i r ec  1 1 y  H  om 
an  adjustable  constant  which  scales  the  deceleration  input.  When 
deceleration  is  maximum  the  cylinders  fully  engaged  with  the  vent 
closed.  When  deceleration  is  zei  o  the  cylinder  is  disengaged 

and  the  vent  is  opened.  The  MPH  input  is  used  to  simulate  humps 
on  and  off  the  road.  It  produces  sh ai  p  impulses  to  the  cylinder 
in  a  t  andom  manner  thus  simulating  the  i  andomness  of  nor  rnal  cm 
and  off  road  conditions.  The  off  road  impul ses  are  more  sevei e 
and  occur  at  a  greater  frequency  than  the  roadway  impulses.  The 
other  motion  platform  degree  of  freedom  is  also  under  the  conli  ol. 
of  an  8  bit  microprocessor  which  inter  faces  to  the  main  computer 
via  the  WE  R  lateral  acceleration  output.  This  feedback  coniiol 
loop  is  closed  by  a  position  potentiometer  within  the  linear 
actuator  .  The  microporcessoi  moves  the  motor  to  minimize  the 

difference  between  the  voltage  front  the  main  computer  and  the 
voltage  from  the  feedback  potentiometer  .  The  system  is  dynarni 
cally  adjusted  to  eliminate  overshoot  and  produce  a  pulse  width 
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signal  bo  the  actuator  motor.  Both  of  these  processor  s 
operate  i  independent  1  y  off  the  main  computei  and  are,  therefoi  e, 
able  to  run  at  full  speed  without  slowing  the  main  loop  at  a]], 

11.0  INSTRUCTOR'S  CONTROL  PANEL 

11.1  GENERAL 

The  instructor's  control  panel  is  a  single  sheet  of 
finished  aluminum  that  allows  the  instructoi  to  monitor  and  con 
trol  the  various  functions  of  the  fire,  smoke,  etc.  Because  of 
its  location  right  beh ind  the  drive)  ,  the  i ns t r uc t or  has  the 
ability  to  mon i  toi  the  operator's  driving  skills  and  fire  fiqhl 
ing  techniques.  The  instructor  has  the  ability  to  freeze  the 
driving  situation  at  any  time  but  he  does  not  have  conti o]  of 
direction,  velocity  and  braking  of  the  veh icle.  The  Simulatoi  is 
under  the  control  of  the  dr iver/operatoi  with  the  instructor  set¬ 
ting  up  problems  in  the  various  scenai ios  and  observing  the 
dr i ver /opera  tor ' s  reactions  to  these  piohlems.  The  main  function 
of  the  instructor  is  to  observe  both  the  driver's  operations  and 
the  operation  of  the  probe  on  the  modelboard.  This  is  ac 
comp li shed  by  the  using  of  a  one  way  mirror  mounted  next  to  the 
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console  that  al lows  the  oporator  to  observe  the  probe  at  all 
times  to  insure  the  driver  is  not  going  to  damage  the  system. 

11. S  SMOKE  AND  FIRE  C0NTR01  S 

The  smoke  and  fire  controls  are  the  major  input  foi 
the  instructor.  The  smoke  system,  described  in  Section  5,  eject 
a  mist  of  smoke  through  a  PVC  pipe  that  man ifolds  it  to  Lines 
separate  valves.  (Refer  Figure  11.1  and  11. 2,  items  49,  50,  51) 

These  are  quarter  turn  ball  valves  that  allow  modulation  of  the 
smoke  from  full  off  to  full  on  oi  at  any  variable  posi Lion 
between .  The  pressur i zed  smoke  is  then  brought  to  each  of  the 

three  fire  pits  as  adjusted.  The  instructor  then  will  control 
the  rate  of  rise  of  the  smoke  by  adjusting  the  helium  flow  on 
flowmeters  38,  39  and  40.  The  instructor  gets  visual  feedback  hy 
observing  the  smoke  through  the  one  way  mirror.  The  fire  inten 
sity  is  controlled  by  control  knob  44,  which  controls  the  vollaqe 
to  the  quartz  Halogen  fire  lights.  The  various  gages  on  the  Lop 
of  the  panel  are  0-1  milliamp  DC  gages  that  act  as  a  slave  to 
the  operator's  gages  in  the  cab.  This  allows  the  instructoi  to 
closely  monitor  the  dr  i  ver  '  s  per  f  o  rrnance  . 
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CONSOLE  GUIDE 

Beacon  Indicator  Light 

27. 

Coo  lent  Pump 

2. 

Flood  Indicator  Light 

Pressure  Knob 

3. 

Spot  Light  Indicator  Light 

28  . 

RPM  Knob 

4. 

Head  light  Indicator  Light 

29  . 

Foam  Flow  Gage 

5, 

Dome  Indicator  Light 

30. 

Water  Pump 

6. 

Flashing  Valve  Indicator  Light 

31  . 

Pr essur e  Gage 
Foam  On  Swi tch 

•—} 

/  « 

Booster  Heat  Indicator  Light 

32. 

Water  Pump 

s. 

Power  Divide  Indicator  Light 

Pressure 

9. 

Short  Light  Indicator  Light 

33  . 

Control  Knob 
Glare 

10. 

Differential  Lack/Un  lock  I nd i cat or 

34  . 

5 i mu  1  a  t i o  n  Knob 
Spar  e  Swi tch 

i  i . 

Light 

Run  I nd i ca tor  Light 

35. 

Spare  Swi tch 

IS. 

Cycling  Indicator  Light 

36. 

W i nd  Sw i tch 

13. 

Off  Road  Switch  (Push  Button) 

37. 

Fire  Pit  tt3 

14  . 

Eng ine  Start  Switch 

Ro  t  a  t i nq  1  i qh  ts 

15. 

Master  Swi tch 

38. 

Fire  Pit  1 

16. 

Engine  Off  Sw itch 

39  . 

Hei 1  urn  Gas  F low 
Gage 

Fire  Pit  2 

17. 

Conso le  Light 

40. 

Helium  Gas  Flow 
Gage 

Fire  Pit  3 

IS  . 

Engine  Oil  Control  Knob 

41  . 

He! i urn  Gas  Flow 
Gaqe 

Fire  Pits 

19  . 

Engine  Pressure  Control  Knob 

42. 

Se 1 ec  t  Sw i  tch 
Foam  1  e  *''©]. 

30. 

Water  Temperature  Control  Knob 

43. 

Kf  tob 

So  1 e  no i d  Swi tch 

SI  . 

Trans  Temperature  Control  Knob 

44. 

( Smoke 

Gener  a  tor ) 

Fire  I n  t  e  n  s i  t y 

as . 

Voltage  Control  Knob 

45. 

( Va*  iac)  Knob 

Wa  ter  1  eve  1 

S3. 

Fuel  Control  Knob 

46. 

K  nob 

Ven  t  Sw  i.  tch 

a  4 . 

Pressure  Control  Knob 

47. 

Ba  t  ter  y  On 

35 . 

Water  Tank  Temperature  Contro 1  Knob 

48. 

Swi  tch 

Ri  mwa  y  1  .  i  qh  t  s 

cu 

MPI-I  Gage 

49. 

Sw  itch 

Smoke  Va  3  ve  #1 

50. 
51  , 

Smoke  Valve  #2 
Smoke  Valve  #3 

95 


FIGURE  11.2 


\ 

) 


) 


12.0  VIBRATION 

The  P—4  vehicle  requii  ed  the  simulation  of  nor  ms  I 
vehicle  vibration  as  a  function  of  engine  speed.  The  or  i q i na I 
design  used  a  1/8  horsepower  motor  driven  at  variable  speed  with 
an  eccentric  weight  mounted  on  the  shaft.  This  system  did  not 
g i ve  the  realistic  vibration  needed  as  the  vibration  was  too 
light.  A  new,  much  heavier  motov  was  installed  and  this  inotoi  is 
a  3/4  horsepower ,  12  volt  DC  pulse  width  modulated  with 
tachometei  feedback.  The  pulse  width  modulation  is  controlled 
directly  from  the  D  to  A  output  of  the  main  microprocessor .  The 
motor  is  manufactured  by  Honeywell  with  the  eccentric  1/P  pound 
disk  mounted  off  center. 

13.0  MAIM  SCREENS 

The  ma in  screens  wei  e  manuf ac tured  on  a  mo  Id.  1  he 
manufacturing  process  consists  of  laying  up  f i gerg 1  ass  on  a  mo  Id 
similar  to  boat  hull  construction.  The  screens  are  concave  and 
have  a  5  inch  flange  extending  from  both  the  top  and  hot  tom  and 
the  sides,  away  from  the  viewing  at  ea .  The  screens  are  ap 
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proximately  3 /4  inch  thick,  as  are  the  flanges.  The  flanqes  al 
low  the  screens  to  be  bolted  together  to  make  a  rigid  semiciw  Je 
that  is  11  feet  high  and  28  feet  in  diameter.  The  screens  are 
finished  with  a  flat  white  paint.  (Refei  Figure  13.1) 

The  i n ter sec  t  point  be  tween  the  projectors  on  the 
viewing  side  of  the  screen  was  covered  with  a  flat  black  strip 
three  inches  ac r  oss ,  and  11  f ee t  high.  The  purpose  of  this  sti  ip 
was  to  eliminate  any  possible  mismatches  between  adjacent- 
pro  jec  tors. 

One  of  the  initial  problems  with  the  Simulator  was 
low  light  levels  being  projected  on  the  main  screen.  To  improve 

the  video  gain,  a  special  screen  was  manufactured  that  was 
grooved  to  reflect  all  the  projected  light  directly  back  into  the 
center  of  the  cab.  This  screen  was  covered  with)  a  highly  reflec¬ 
tive  paint.  This  change  increased  the  video  gain  by  a  factoi  of 
50.  This  change  was  rejected  because  it  would  have  been  vei  y  e;< 
pensive  to  remanufacture  the  screens  to  this  new  design. 
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14.0  PRELIMINARY  CRASH  RESCUE  SIMULATOR — PRODUCTION  COST 

ESTIMATE  AMD  TRADE  OFF 

14.1  COST  ESTIMATE 

The  estimate  for  production  of  14  Crash  Rescue 
Simulators  was  derived  from  the  prototype.  This  infoi  (nation 
identified  all  major  i terns  to  be  priced.  Additional  discussions 
wer e  held  with  design  and  manuf ac tur i ng  eng ineers  to  assist  in 
obtaining  comparison  for  similar  types  of  simulators  which  have 
been  quoted  or  purchased .  The  houi  ly  rates  were  estimated  on  the 
basis  of  production  at  a  typical  el ectronics  manuf actm  i  i *g 
facility.  All  the  necessary  production  hours  of  matey  ial  to 
fabricate  and  assemble  the  simulator  have  been  included.  Suppoi  I 
labor  such  as  quality  engi neer i ng ,  liason,  manuf act ur i ng  suppoi  t  5 
and  progi am  management  has  been  estimated.  The  basic  fabrication 
estimated  was  made  using  dollars  and  hours  per  component  of  the 
s i mu  1  a  t  o  i  based  on  the  past  experience  o  f  the  prototype  device. 
The  balance  of  the  estimate  was  based  on  quotes  obtained  and  f »  orn 
j udgemen tal  estimates.  The  estimate  was  made  for  14  units  in 

various  lot  sizes. 
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Lo  t 
1 
2 

3 

4 

5 

6 


Lot  Size 
1 
2 
3 
3 
3 
2 


Unit  Cost 
925,000 
932,500 

749.250 
674,325 

645.250 
625,741 


14.2  TRADE  OFFS  TO  REDUCE  COST 

As  previously  discussed,  there  has  been  a  li ade 
off  study  performed  to  determine  the  feasibility  of  installing  a 
simulator  in  a  trailer.  Among  the  fci  ade  off  possibility  that 
would  i educe  the  cost  and  inct  ease  the  versatility  of  the 
simulator  would  be  to  replace  the  present  projectors  with  highei 
quality  projectors  that  are  available  in  the  market  place  at 
lower  cost.  These  projectors  can  double  the  intensity  of  the 
screen  presentation.  Another  change  that  would  be  desii  able  to 
use  a  newer  design  CCD  Camera  that  is  more  sensitive  to  low  light 
levels.  Again,  because  of  the  i  scent  advancements  in  the  video 
fields  these  items  are  becoming  less  costly.  Since  the  molds  ai e 
already  manufactured,  a  great  pai  t  of  the  initial  cost  of  arldj 
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tional  units  will  be  lowered  -  The  optica]  probe  system  should  he 
redes igned  with  slip  rings  to  eliminate  the  probl em  of  1  i  m  i ted 
rotations  of  the  system.  The  fiber  optic  cable  will  have  to  be 
manufactured  and  handled  with  great ei  care.  to  eliminate  l he 
broken  fiber  probl ems  that  we  have  experienced  on  the  prototype. 
These  changes  can  all  be  incorporated  in  the  first  prorlm  lion 
unit  and  proven  out . 
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